Retinoblastoma is characterized by its early incidence in patients and its incidence is closely associated with the deletion in the human chromosome 13 at 13q14 (29, 18 ). Involvement of a recessive gene in its tumorigenesis has been reported (5, 7). The tumorigenesis can occur at different stages in the primitive retinal cells and the cells developing into the ten layers of the retina may give rise to retinoblastoma cells of different characters. However, difficulties are often encountered in establishing new cell lines of the slow growing retinoblastoma cells and only a few cell lines of cultured retinoblastoma cells are well established. Among them, two retinoblastoma cells, Y79 (20) and WERI (16), are not identical in their morphology. We describe here a new stable cell line of slow-growing retinoblastoma cells, TOTL-1 (19), which was established after cultures of more than 6 years, and describe its characteristics.
It is known that the expression of oncogenes changes during development. Developing neuronal cells show high activity of src gene product (6, 14, 27), although its activity is low in the early stages of development of the central nervous system (14) . The expression of the src gene can be a valuable marker with regard to the development of neurons. We compared two retinoblastoma cells, the well studied Y79 and the newly established TOTL-1, which differ markedly in the amplification of the N-myc gene, and report on their growth rates here.
We found that pp6Osrc was accumulated in the cortical cytoplasm of the TOTL-1 and Y79 cells, and showed polar staining. Its location was confirmed to be in the cortical cytoplasm by use of electronmicrograph. The polar staining of 131360src observ-ed in both retinoblastoma cells was of interest, since the expression of c-src gene and N-myc gene was reported to be differentially regulated in the induction of PCC7 cells to neuronal cells (25). We discuss the biological significance of the finding. 
MATERIALS

RESULTS
Proliferation of TOTL-1 and Y79 cells. A new cell line of retinoblastoma cells, TOTL-1, isolated from a Japanese patient, was kept in a culture for more than 6 years. Cells of TOTL-1 grew only in large clumps in suspension cultures. The cells were tightly attached together (Fig. 1A ) and attempts to dissociate the clumped cells by mechanical pipettings yielded. cells without proliferative capability. This feature has remained constant since the culture was initiated 6 years ago and seems to be an inherent property of TOTL-1. Small clumps which were attached to large clumps were often observed. This suggested that clumps of TOTL-1 cells were budded off from large clumps. Y79 cells also made large clumps ( Fig. 2A) , which were, however, loose enough to be dispersed by mechanical pipettings. These dispersed cells could grow in suspension culture.
The growth rate of TOTL-1 was far slower than that of Y79. To measure its growth rate, cells of TOTL-1 were dispersed by use of Disperse instead of mechanical pipettings. This gave small clumps of TOTL-1 cells, each of which consisted of a few cells. TOTL-1 cells in these small clumps were still viable. They were brought into the culture medium to resume proliferation. The doubling time of TOTL-1 thus measured was 160 h (Fig. 3) , which was about 5 times greater than that of Y79 cells.
N-myc gene in retinoblastoma cells. Based on the extremely slow proliferation of TOTL-1 cells we suspected that the amplification of N-myc gene would be low, if any, in TOTL-1 cells. DNA was extracted from TOTL-1 cells cultured in suspension, digested with Eco RI and subjected to Southern blottings. Eco RI fragment of 2.0 kb from pN-myc was used as a probe, which contained the second exon of the human N-myc gene. DNA from TOTL-1 and Y79 cells was electrophoresed. Human placenta DNA, diluted to various folds, was electrophoresed together in order to check the dependency of the band intensity on the amount of DNA applied. The intensity of the N-myc gene in TOTL-1 cells measured by densitometry (1.1 fold) was almost the same as that of human placenta which was taken as 1 ( Fig.   Fig.  1 substratum. The extended processes differed markedly between them (Figs. 1B, 2B ). Y79 cells gave long thin processes, although they were not very remarkable as compared with those of neuroblastoma cells reported by other workers. Viable dispersed cells of TOTL-1 obtained by treatments with Disperse also started to give processes on poly-D-lysine substratum on day 2. They increased their extruded processes in length and width thereafter. Figure 1B shows a broad unipolar process of TOTL-1 cells on day 7. It differed markedly from the thin radial processes of Y79 in 
4, lanes 5 and 1). Accordingly no obvious amplification of N-myc gene was observed on TOTL-1 cells in contrast to its strong amplification in Y79 cells (17.4 fold). Extension of neurite-like processes and immunostaining with anti-neural markers. Both TOTL-1 and Y79 cells extended processes on poly-D-lysine coated
•~ 400; (D), (E) •~ 600. Fig. 2B , formed under the same conditions. We tested neuronal characters of both TOTL-1 and Y79 cells with anti-NF antibody, anti-NSE antibody and anti-GFAP antibody. Both were positively stained with anti-NF and anti-NSE antibodies, while anti-GFAP antibody showed only weak staining (Table 1 ). The degree of NF-immunostaining of each cell was varied within a clump of TOTL-1 cells. The most differentiated cell had a strongly immunostained unipolar process (Fig. 5) . The expression of neuronal characters has been initiated in TOTL-1 and Y79 cells.
Localization of src gene product. Since neuronal cells exhibited high src gene activity during their development, we tested TOTL-1 and Y79 cells cultured in suspension with anti-pp60src antibodies. Both of them were positively stained and the staining was found mainly in the cortical cytoplasm. Small projections from the cell surface and microvilli were noted to have been strongly stained under light microscopy.
To examine the differentiated form of these cells, Y79 cells were dispersed to yield a single cell. They were cultured in monolayers on poly-D-lysine coated coverslips. Cell processes began to form after 2 to 3 days and extended more intensely after 1 week. Staining of the differentiated cells with monoclonal anti-pp60src antibodies (O.S.I.) on day 3 revealed that the immunostaining with anti-pp60src was located at the free surface of the monolayer-cultured cells (Fig. 6A ). Figure 6B also shows the polarized staining which was demonstrated with another monoclonal antibody against pp60src (Oncor Inc.) and accentuated by use of 0504. As a control, Y79 cells were incubated in NS-1 ascites fluid or mouse IgG instead of anti-pp60src antibody. No apparent polarized immunostaining was observed (Fig. 6C) .
Although TOTL-1 cells could not be dispersed completely, small clumps of cells in monolayer culture showed the same polarized staining (Fig. 6D) . The immunostaining was located inside the clumps (Figs. 6D, 6E) .
Electron microscopic examination verified the immunostaining located at parts of the cortical cytoplasm (Figs. 7A, 7B, 8A, 9A, 9B) . Groups of microvilli and their bases were distinctly stained. Y79 cells cultured in suspension also showed polarity of the staining (Fig. 8A, 9A, 9B ). The polarity was further substantiated by demonstrations of two serial sections, which were shown in Figs. 9A and 9B. One profile (Fig. 9A ) was unstained and the other (Fig. 9B) pp60src was associated with filamentous structure.
DISCUSSION
The establishing of new cell lines of retinoblastoma cells is not always successful. We made use of the autologous feeder layer technique, which proved to be effective for the initial stage of isolation. Retinoblastoma cells grew attached to fibroblasts. This suggests that growth factor(s) are necessary for the growth of retinoblastoma cells. Retinoblastoma cells were recently reported to be defective of receptors for transforming growth factor (10). The slow growth of TOTL-1 also suggests that the growth promoting signals are ineffective.
The retinoblastoma cells we isolated possessed very weakly amplified or unamplified N-myc gene. Retinoblastoma cells reported by others showed varied amplification of the N-myc gene (12, 13, 22, 23, 24 
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sient autocrine-like system during development becomes constitutive during the tumorigenesis of neuroblastoma, in which the amplification of the N-myc gene takes place. Another slow-growing bilateral retinoblastoma cells, TOTL-3, which we isolated and kept in culture, also had very weak amplification of the N-myc gene and retarded proliferation (unpublished observation). The low amplification of the N-myc gene probably gave rise to the retarded proliferation of TOTL-1 cells. Developing neuronal cells have a high activity of pp60src. Cultured astrocytoma cells were negative for pp60src when tested with the anti-pp60src antibody (unpublished observation). Clinically operated astrocytoma have been reported to be negative (31) , which is in line with our results.
Two forms of human c-src protein were reported (3). Primitive retinal cells have a high content of the neuronal form of c-src protein (4). Y79 cells have both the c-src protein and the neuronal form of c-src protein, as shown by immunoelectrophoresis employing the same antibody used in this report (9). It is unclear whether the polarized staining observed here is due to the c-src protein or to the neuronal form of c-src protein. The polarized staining observed with anti-pp60src antibodies was also confirmed by use of another specific antibody raised against 14mer oligopeptide which was chemically synthesized according to the sequence of human c-src protein (unpublished observation).
Regarding the observation made in this paper that pp60src is associated with filamentous structure, it was recently reported that spectrin was localized in cultured T cell hybrid and in lymphocyte (2) . The perturbation known to effect lymphocyte differentiation induced the polarized distribution of spectrin (2) . It can be argued that retinoblastoma cells, in which normal differentiation is perturbed, may retain the polarized subcellular structure conserved from early developmental stage(s) of retinal cells and that pp60src is associated with it.
The morphological differences between the two retinoblastoma cells suggested that the cells from which the retinoblastomas were derived had already been destined to different types of retinal cells. Since the polarized localization of pp60src was also observed in cells in cultured suspension, the accumulation of pp60src is apparently irrelevant to the neurite formation. The accumulation of pp60src may play a role prior to the formation of neurites but after the onset of neuronal differentiation.
